Introduction
In 1951 Tulin [1] suggested the possibility of separation of ship total resistance into wave resistance and viscous resistance by means of the wake survey.
In 1962 Eggers [2] presented a theoretical study on methods of calculation of wave resistance from measured wave patterns. Since then, several investigators have tried to obtain more refined techniques of wake survey and wave analysis. In recent years Sharma [3] developed a method of wave analysis based on the measurement of waves along a longitudinal cut. Landweber and others [4] also developed a technique of wake survey and discussed the variation of viscous resistance as it relates with Froude number.
Unfortunately, however, only a few examples have been given in which both measurements of viscous resistance and wave resistance were used to determine the total resistance [5] , [6] . Recently, in
Mitsubishi Experimental Tank, extensive tests have been made on a variety of ship forms including
Wigley's mathematical form and geosims of tankers to measure each resistance component separately.
New method of theoretical analysis, based on a linear approximation of velocity field, have also been developed on the separation of the resistance components, leading to asymptotic formula for each component. The sum of the viscous resistance and the wave resistance analysed by this theory was found to be in good agreement with the total resistance measured by dynamometer. In the following is presented outline of those recent investigations. In addition to the basic equations (1) and (2) ( 11 ) whore C, is the wave height at the control surface S1, and (u, v, w) are the velocity components in the direction of x-. y-, and z-axes respectively as indicated in Fig. 1 .
In general the total resistance expressed by (11) is not divided further, since the pressure and the velocity components must satisfy the nonlinear partial differential equation (8) . In order to divide the total resistance into its components, it is necessary to introduce some approximation which is to be described in the following section.
Linear approximation
To divide total resistance expressed by (11) into resistance components, the well known method of approximation for viscous fluid is used, i.e. Oseen's approximation at a distance. Taking the control surfaces at a distance from a ship so that the velocity is expressed ( 12 ) where q' is the small deviation from the uniform velocity Ui. Then the momentum equation (8) becomes ( 13 ) In the viscous wake the solution of this equation (13) by (12), (14), (17) and (18) in (11) The total resistance can be expressed as the sum of pressure resistance and frictional resistance and at the same time as the sum of wave resistance and viscous resistance. The interaction term of both components can be neglected as a higher order component at a distance ;
where Rp is the pressure resistance, the first integral of (6), Rf the frictional resistance, the second integral of (6) (41) so as to derive viscous resistance from measurable quantities. Then an equivalent expression of (40) is (42) In practice, however, a control surface is chosen at a finite distance behind a ship for measuring the total head instead of the infinite distance. They are similar to the model used by Lackenby and others [11] at N.P.L. in the study on ship resistance components.
M. 1870 is the model of a cargo liner of Cb =0.73 with 4.2 meters in length. This model was tested also in a roughened surface condition after the tests on smooth surface was finished, in order to obtain quantitative information on the interaction term of viscous resistance and wave resistance. It is evident from these comparisons that the sum of viscous resistance and wave resistance agrees well with the total resistance measured by dynamometer not only for the fine models (e.g. Fig. 6 ) 
Conclusion
From theoretical and experimental studies on the separation of ship total resistance into its components the following conclusions are obtained.
(1) Total resistance of ships can be divided into two components. The one is wave resistance, that is the component of resistance attributed to the potential motion of fluid associated with gravity.
The other is viscous resistance that is the component of resistance attributed to the rotational motion of fluid in the viscous wake.
(2) The equivalent singularity method of wave analysis is developed for the derivation of wave resistance from the measurement of wave patterns outside the viscous wake.
And a simple way of derivation of viscous resistance from the measured total head is presented.
(3) The interaction term of viscous resistance and wave resistance can be neglected as a higher order quantity. 
